1 Introduction

Plants raw materials have been used widely as drug for medicinal practice to cure the human health disorder of various systems from ancient time ([@b0245]). Due to their potential pharmacological and therapeutic application, the natural plants extract have been widely used in cosmetics, food, dye and pharmaceuticals industries ([@b0185], [@b0315]). For example, the anthracene derivatives are one of the most important drugs used as laxative in the treatment of digestive disorder and anthropoids ([@b0095]; British [@b0035], [@b0055]). Cassia Linn. (belongs to Caesalpiniaceae family) is a herb of many species and has various medicinal constituents. Cassia (senna leaves) are the main source of anthraquinones and its derivatives. Leaves, seeds and roots of all species are used in folk medicine. Senna leaves contained many quinonids, dianthrone glycosides, sennosides, hydroxylated anthraquinones, glycosides, anthraquinone dyes, and others ([@b0055], [@b0290]). Out of these, sennosides are the major constituents of senna leaves (*Cassia angustifolia*) and their structures are given in [Scheme 1](#f0055){ref-type="fig"}.Scheme 1Structure of sennosides (cassia angustifolia).

Silver and its NPs are nontoxic, ecofriendly and safe inorganic antimicrobial agent and has capability to kill diseases causing microorganisms from centuries. The noble silver metal NPs have sharp absorption peak in the UV--visible region from 350 to 650 nm ([@b0120], [@b0125], [@b0110], [@b0190], [@b0235]) due to the surface plasmon resonance (SPR) band. Silver NPs were extensively used in various applications such as bio-sensing ([@b0090]), environmental fortification ([@b0050]), drug-delivery ([@bib332]), medicinal products ([@b0060]), food diet ([@b0165]), catalysis ([@b0100]), water purification ([@b0150]), detection of cancer ([@b0130]), and sensors ([@b0140]). The morphology depends on the presence of stabilizer, method of synthesis, and nature of reducing agent ([@b0120], [@b0125], [@b0190], [@b0260]). The presence of a suitable stabilizer is essential to block the unlimited growth, precipitation and agglomeration. Generally, surfactant, polymer, carbohydrates, proteins, copolymer, lipids, natural plants extract were used as a capping agent. Out of these, an aqueous plant extract have superiority over the other stabilizers. The constituents of extract such as, water soluble biomolecules, flavonoids, glycosides, tannic acid, polyhydroxy phenols, betanin and others acted as a reducing and stabilizing agent. They eliminate the necessity of the externally added toxic stabilizer ([@b0010], [@b0125], [@b0215]).

Existing literature contained abundant reports successful fabrication of AgNPs through green route using azadirachta indica ([@b0255]), chlorella vulgaris ([@b0310]), acalypha indica ([@b0175]), anacardium occidentale ([@b0265]), piper betel ([@b0145]), mentha leaves ([@b0320]), ferula persica ([@b0200]), palm date fruit ([@b0325]), zingiber officinale ([@b0065]), water soluble starch ([@b0140]), and betanin ([@b0170]). Generally, the presence of a suitable stabilizer is essential to block the unlimited growth and aggregation of NPs. Surfactant, polymer, ligand, and organic solvents were used as a capping agent. Cetyltrimethylammonium bromide (cationic surfactant) acted as an excellent stabilizing agent in the nanotechnology, which can be removed from the surface of NPs by washing ([@b0015], [@b0020], [@b0025]). Systematic synthesis of AgNPs using sennoside A has been neglected. Sennosides and anthracene derivatives have been used as laxative to the treatment of constipation and colon infection. Therefore, we used sennoside A as a reducing agent to the synthesis of AgNPs for the first time.

Our goal of this study was to fabricate biogenic AgNPs by using sennoside A as a reducing agent in absence and presence of shape directing and controlling cationic aggregates of CTAB. The antioxidant activities of sennoside A, and Ag/sennoside A were determined by using DPPH radical. Bacterial (Staphylococcus aureus and Escherichia coli) and yeast strains (Candida albicans ATCC 10231 and Candida parapsilosis ATCC) were used to the evaluation of antimicrobial activities of as prepared AgNPs against standard gentamicin and fluconazole. These studies would enhance the medicinal significance of the individual components such as sennoside A and metallic silver. We also focused on isolation and characterization of rhein-9-anthrone (4, 5-dihydroxy-10-oxo-9*H*-anthracene-2-carboxylate) from acidic hydrolysis of sennoside A, which was the main constituent responsible to prevent the colon infection ([@b0295]).

2. Experimental section {#s0005}
=======================

2.1. Chemicals {#s0010}
--------------

Cetyltrimethylammonium bromide (C~19~H~42~NBr, molecular weight = 364.45 g/mol), silver nitrate (AgNO~3~, molecular weight = 169.87 g/mol), safranin (C~20~H~19~N~4~^+^.Cl^−^, molecular weight = 350.85 g/mol, water soluble) were purchased from Sigma-Aldrich and there stock solutions were prepared in deionized water by molarities basis. All chemicals inorganic electrolytes (NaCl, NaBr, NaI, NaNO~3~, Na~2~SO~4~ and NaOH), organic solvents (methanol, ethanol, chloroform, and diethyl ether) and HCl were of analytical grade. Water (deionized and CO~2~ free) was employed as solvent for the preparation of solutions and dilution. Standard HCl and NaOH solutions were used to maintain the pH for the batch kinetic experiments. Silver nitrate solution was kept in dark to minimize the photochemical oxidation. The deionized water was used as solvent throughout the studies.

2.2. Extraction of sennoside A {#s0015}
------------------------------

The fresh leaves of senna (*Cassia angustifolia* Del.) were collected from the garden of our science college (female section, King Abdulaziz University) and authenticated by Dr. Majid, Department of biology, Faculty of Science, King Abdulaziz University, Jeddah. The leaves were washed thoroughly under water widely and finally with double distilled water to remove dust particles and other foreign materials. In a typical experiment, 10 g dried senna leaves were added in a stoppered conical flask containing 200 ml double distilled and heated at 80 ^0^C constant temperature water bath for 30 min with constant stirring. The extract cooled at room temperature and filtered with a Whatman filter paper to remove the leaves wastes. The resulting fresh extract was used to obtain the solid sennoside A by using rotatory evaporator (EYELA rotatory evaporator N-1300E.V.S series, Tokyo, Japan) under vacuum at 80 ^0^C temperature. A dark yellow compound was obtained.

The aqueous extract of senna leaves contains sennosides (A and B), aloe-emodin (glycoside and diglycoside) and rehin (glycoside, diglycoside, and anthrone) ([@b0275]). Habib and Elsebakhy reported that the UV--visible spectra of aloe-emodin and rehin showed a well-defined sharp absorption peak at ca. 260 nm and 440 nm and sennosides A and B exhibited absorption peak at 270 nm and 370 nm in ethylacetate ([@b0085]). Tan et al. reported that the standard solution of sennoside A and sennoside B showed absorption peaks at 269 nm, 340 nm and 268 nm and 358 nm, respectively, in water-acetonitrile system ([@b0280]). They also suggested that the separation of both isomers from each other were also difficult. In order to characterize the extracted dark yellow solid, UV-- visible spectra were recorded under different experimental conditions. Our spectra does not contained any absorption peak in the entire visible region ([Fig. 1](#f0005){ref-type="fig"}; vide infra), which indicated that the aloe-emodin and rehin constituents were not present in the aqueous extract. On the other hand, the absence of absorption peaks at 358 nm also indicated that the sennoside B was also not present in the extract and was ignored completely. Therefore, sennoside A was the main constituent in the aquous extract and its molar concentration was calculated with using molar extinction coefficient, ε = 9430 L/mol/cm ([@b0120]) at 340 nm wavelength. The Beer-Lambert law was obeyed for the entire range concentration (from 1.0 × 10^−4^ to 18.0 × 10^−4^ mol/L) of sennoside A with correlation coefficient (R^2^ = 0.998).Fig. 1UV--visible spectra of sennoside A at lower ([Fig. 1](#f0005){ref-type="fig"}A) and higher concentrations ([Fig. 1](#f0005){ref-type="fig"}B) extracted from senna leaves with hot water. *Reaction conditions*: senna leaves = 10 g, and solvent = hot water.

2.3. Fabrication of Ag/sennoside A NPs {#s0020}
--------------------------------------

Sennoside A drug was used as a reductant to the reduction of Ag^+^ ions for the fabrication of AgNPs. In a typical experiment, sennoside A (1.4 × 10^−4^ mol/L) was added drop-wise in a conical flask containing 5 ml aqueous solution of AgNO~3~ (0.01 mol/L; total volume = 40 ml) under constant stirring with a help of a magnetic stirrer at 1500 rpm for 30 min. The appearance of yellow, orange to dark brown colors was indicated the reduction of Ag^+^ ions into metallic silver (Ag^0^). The resulting brown red color was centrifuged for 30 min with 15 000 rpm at 298 K. The obtained solid AgNPs were dried at 353 K and stored in dark condition at room temperature. In the next experiment, same sennoside A solution was added in a mixture of AgNO~3~ and CTAB (0.073 g, 0.02 mmol) to determine the effect of CTAB on the Ag/sennoside A. Optical images of reaction mixture containing sennoside A, Ag^+^ and CTAB are given in [Scheme 2](#f0060){ref-type="fig"} at different time intervals.Scheme 2Effect of time on the reduction of Ag^+^ by sennoside A.

2.4. Characterization of Ag/sennoside A {#s0025}
---------------------------------------

The UV--visible spectra of extracted sennosides were recorded by using Shimadzu UV-260 spectrophotometer. The shape, size and the size distribution (the surface morphology) of Ag/sennoside A were determined with UV--visible spectroscopy, scanning electron microscope (SEM), transmission electron microscope (TEM, JEM 2100), equipped with energy dispersed X-ray detector (EDX), X-ray diffraction spectroscopy (XRD), dynamic light scattering (DLS) and zeta potential. The specific surface area of these NPs was estimated from nitrogen adsorption--desorption isotherms ([@b0040]; BET) by using Quantachrome Nova 3200e Surface area & pore size analyzer, Instrument. For TEM measurement, silver sol was deposited on a carbon coated copper grid, dried at room temperature under open air. The X-ray photoemission spectroscope (XPS) was used to determine the chemical and electronic state of silver by using XSAM-800 m featuring a monochromatic Mg Kα X-ray source at 21.5 mA with *h*ν = 1486.6 eV.

2.5. Determination of anti-radical scavenging activity {#s0030}
------------------------------------------------------

The DPPH radical solution (0.001 mol L^−1^) was prepared in methanol. The 2.0 cm^3^ radical solution was mixed with 5.0 cm^3^ of sennoside A (1.4 × 10^−4^ mol/L) at 30 °C. The antioxidant efficiency was measured at 517 nm (λ~max~ of DPPH radical) as a function of time. The ascorbic acid was used as controls. The percentage of DPPH scavenging activity was determined by using the Eq. [(1)](#e0005){ref-type="disp-formula"}. All measurements were made in triplicate.$$\% DPPH\, activity = \left\lbrack \frac{1 - (absorbance\, of\, sample - absorbance\, of\, bank)}{\mathit{absorbance}\, of\, control} \right\rbrack \times 100$$

2.6. Antimicrobial activity {#s0035}
---------------------------

The agar diffusion dilution essay method was used for the estimation of antibacterial and antifungal activities of sennoside A, biosynthesiszed Ag/sennoside A NPs and rhein-9-anthrone ([@b0005]). Two bacterial strains, namely, *Staphylococcus aureus* ATCC 25923), and *Escherichia coli ATCC 25922* and two reference yeast strains (*Candida albicans ATCC 10231* and *Candida parapsilosis ATCC 22019*) were used for this purpose. In a typical experiment, the sterile disks were loaded with required concentration of test samples and then placed on agar plate containing strain lawns and incubated at 310 K temperature for 24 h. The zones of inhibition for reference, negative control, and test samples were measured from the diameter (mm) of the clear zone. The minimum inhibitory concentration (MIC~50~) was estimated according to the reported method for various AgNPs concentrations. Gentamicin and fluconazole were used as a reference compound for antibacterial and antifungal activities, respectively. Three independent experiments were carried out for each target samples.

3. Results and discussion {#s0040}
=========================

3.1. Preparation method and reaction mechanism of Ag/sennoside A NPs {#s0045}
--------------------------------------------------------------------

### 3.1.1. UV--visible spectroscopic studies of sennoside A {#s0050}

[Fig. 1](#f0005){ref-type="fig"}A shows the resulted aqueous extract of sennoside has two absorption peaks at λ~max~ = 266 and 340 nm. No absorption peak was appeared at 358 nm ([Fig. 1](#f0005){ref-type="fig"}), which ruled out the presence of sennoside B and other chemical constituent in our extracted sennoside from *Cassia angustifolia*. Our values of λ~max~ are in good agreement with the λ~max~ of standard sennoside A reported in the literature ([@b0280]). The sennoside A concentration was calculated by the reported method with molar extinction coefficient, ε = 9430 L/mol/cm ([@b0120]). Interestingly, the peak intensity decreases and red shifted from 266 nm to 288 nm with increasing sennoside A concentrations from 1.4 × 10^−4^ to 5.8 × 10^−4^ mol/L at a fixed temperature, whereas the peak intensity increases and red shift was also observed from 340 nm to 374 nm, indicating the J-type aggregation of sennoside A molecules to each other ([@b0180]). Such type of behaviors was not observed at higher sennoside concentrations ([Fig. 1](#f0005){ref-type="fig"}B). The peak position remains constant with \[sennoside A\]. The peak position at 266 nm might be due to the π-π\* and n-π\* transitions of --OH and carbonyl groups in the sennoside A. Our position of peaks are in good agreement with results of other investigators regarding the UV--visible spectra of substituted anthraquinons, which shows intense quinonoide peak in the vicinity of 260 to 290 nm ([@b0285]). The FTIR spectrum of sennoside were recorded and the various peak at 3430, 2930, 1610, 1520, 1050 cm^−1^ were observed, which can be attributed to the presence of --OH groups, C-H stretching, C = O group (or OH from --COOH), C = C benzene ring and C-O stretching, respectively (Fig. not given). Thus we may state confidently that our extracted dark yellow solid has sennoside A in the greatest concentration ([@b0275], [@b0280]).

### 3.1.2. Effect of \[Ag^+^\]on the SPR of AgNPs {#s0055}

In order to establish the role of sennoside A as a reducing agent, a series of kinetics experiments were performed by varying \[Ag^+^\] from (0.5 × 10^−3^ to 2.5 × 10^−3^ mol/L) at a fixed concentration of sennoside A = 1.4 × 10^−4^ mol/L ([Table 1](#t0005){ref-type="table"}). [Fig. 2](#f0010){ref-type="fig"} shows that the intensity and position of peaks depends on the \[Ag^+^\]. For example, at lower \[Ag^+^\], peak intensity at 266 nm decreases with reaction time, whereas the absorbance of 340 nm peak increases, attaining maximum absorbance and decreases as a function of time, indicating the interaction of sennoside A with Ag^+^ ions and optimum concentration of Ag^+^ ions required to form stable AgNPs ([Fig. 2](#f0010){ref-type="fig"}A). Fig. S1A, S1B and S1C (supporting information) indicates that the lower and higher \[Ag^+^\] (0.5, 1.2, and 2.5 × 10^−3^ mol/L) are not suitable to the kinetic experiments. At \[Ag^+^\] = 0.7 × 10^−3^ mol/L, the both λ~max~ of sennoside are red shifted from 266 to 290 nm and 340 to 352 nm ([Fig. 2](#f0010){ref-type="fig"}B). Interestingly, a new peak and a broad shoulder at 385 and 450 begin to develop as a function of time, suggesting the reduction of Ag^+^ into Ag^0^ ([@b0230]), silver sols formation. It is well known that the yellow color of aqueous silver sols exhibited in intense SPR band in the UV--visible region from 350 to 650 nm. The shape and position of SPR band depends on the experimental conditions such as presence of solvent, nature of reducing agent, capping action of stabilizer and chemisorbed solute molecules ([@b0120], [@b0125], [@b0190]). The stability of NPs was determined by keeping the silver sols at 30 °C for different day intervals. The resulting silver sols were perfect transparent for ca. one week. We did not observe the appearance of any type of precipitate or turbidity. The optical properties of AgNPs depend on the nature of stabilizer and capping agent present in the reaction mixture. The SPR band intensity was diminished due to the adsorption of sennoside A onto the surface of metallic silver ([@b0115], [@b0190]).Table 1Effects of \[sennoside A\], \[Ag^+^\] and \[CTAB\] on the stability and SPR of Ag/Sennoside A at 298 K.\[Sennoside A\] (mg/L)\[Ag^+^\] (mg/L)\[CTAB\] (mg/L)SPR, stability, color, λ~max~ of AgNPs120.780.00.0No SPR intensity of AgNPs120.7875.50.0Pale yellow, stable, 385, 450 nm215.6875.50.0Pale yellow, stable, 385, 450 nm500.3975.50.0Yellow, stable, 385, 450 nm120.7853.90.0Pale yellow, stable, no SPR120.78269.60.0Pale yellow, stable, 385, 450 nm120.7875.5184.2Yellow, stable, no SPR120.7875.5460.5Yellow, stable, 395 nm, 450 nm120.7875.5921.1Yellow, stable, 395 nm, 450 nm43.1375.5460.5Pale yellow, turbidity215.6875.5460.5Orange, stable, 395 nm, 450 nm301.9475.5460.5Orange, stable, 395 nm, 450 nm500.3975.5460.5Yellow precipitate after 20 minFig. 2UV--visible spectra of Ag/sennoside A NPs. *Reaction conditions*: \[sennoside A\] = 1.4 × 10^−4^ mol/L, \[Ag^+^\] = 0.6 (A), and 0.7 × 10^−3^ mol/L (B).

### 3.1.3. Effect of CTAB {#s0060}

Stabilizer has significant impact on the morphology of advanced nano-materials. They increased and decreased the nucleation rate by solubilizing the reactants as well as the products. Therefore, effect of CTAB from 2.0 × 10^−4^ to 25.0 × 10^−4^ mol/L was studied on the redox reaction of sennoside A (=1.4 × 10^−4^ mol/L) and Ag^+^ (=0.7 × 10^−3^ mol/L) at 298 K ([Table 1](#t0005){ref-type="table"}). The lower (=2.0 × 10^−4^ mol/L) and higher (=25.0 × 10^−4^ mol/L) concentrations of CTAB was not suitable to the formation of stable AgNPs ([Fig. 3](#f0015){ref-type="fig"}) due to the sub and dilution-micellar effect of CTAB aggregates. At 12.5 × 10^−4^ mol/L \[CTAB\], the absorbance increases of both peaks and 266 nm peak is red shifted to 304 nm (total shift 38 nm). The absorbance at 395 nm initially increases, then decreases with increasing time and stabilized ([Fig. 3](#f0015){ref-type="fig"}A). Finally, resulting silver sol shows three absorption bands at 304, 358 and 395 nm. Presence of sennoside A peaks along with a surface resonance plasmon band of Ag^0^, suggesting the formation of Ag/sennoside A under our experimental conditions. Inspection of [Fig. 3](#f0015){ref-type="fig"}, clearly indicates that the nucleation and growth was governed by the CTAB aggregates, which might be due to the sub- and post-micellar effect of CTAB with sennoside A. [Fig. 3](#f0015){ref-type="fig"}A indicated that the Ag/sennoside A shows the presence of two absorption peaks at 304 and 358 nm (red shifted from 266 and 340 nm), which originally come from the sennoside A. Thus it is confirmed that Ag~4~^2+^ -sennoside A system behaves as J- aggregates ([@b0180]).Fig. 3UV--visible spectra of Ag/sennoside A NPs as a function of \[CTAB\]. *Reaction conditions*: \[Sennoside A\] = 1.4 × 10^−4^ mol/L, \[Ag^+^\] = 0.7 × 10^−3^ mol/L, \[CTAB\] = 5.0 (A), 12.5 (B) and 25.0 × 10^−4^ mol/L (C).

Inspection of [Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"} clearly indicated that the UV--visible spectra of pure sennoside A, Ag/Sennoside A NPs and CTAB capped Ag/Sennoside A NPs were quite different to each other. The intensity and position of SPR band strongly depends on the \[Ag^+^\] and \[CTAB\]. The absorption peaks of pure sennoside A at 266 and 340 nm were completely disappeared in presence of Ag^+^ ions ([Figs. 2](#f0010){ref-type="fig"}B and 3A), indicating the complete oxidation of sennoside A by Ag^+^ ions and stabilization of Ag^0^ simultaneously. As a result, sennoside A acted as a reducing as well as capping agent, and leads to the formation of AgNPs. The capping action of oxidized sennoside A cannot be ruled out completely.

In order to establish the effect of sennoside A concentration on the nucleation and growth process of AgNPs formation, a series of experiments were performed with varying concentrations of reducing agent from 0.4 × 10^−4^ mol/L to 5.8 × 10^−4^ mol/L at fixed \[Ag^+^\] = 0.7 × 10^−3^ mol/L , \[CTAB\] = 12.5 × 10^−4^ mol/L and temperature = 298 K. [Table 1](#t0005){ref-type="table"} shows that the lower and higher sennoside A concentrations were not suitable to the preparation of perfect transparent and stable silver sols. To determine to role of temperature, the reaction mixture containing sennoside A = 1.4 × 10^−4^ mol/L, \[Ag^+^\] = 0.7 × 10^−3^ mol/L, and \[CTAB\] = 12.5 × 10^−4^ mol/L was heated at higher temperature from 303 to 323 K at constant temperature water bath. The visual observations indicated that the intensity of resulting yellow-orange silver sols increases with increasing the temperature. The sols were not stable and turbidity was appeared at higher temperature, which might be due to the agglomeration and /or uncontrolled growth of AgNPs.

The effects of NaOH (varying from 1.0 × 10^−2^ mol/L to 5.0 × 10^−2^ mol/L) was also studied with constant concentrations of oxidizing agent (0.7 × 10^−3^ mol/L), reducing agent (1.4 × 10^−4^ mol/L), CTAB (12.5 × 10^−4^). The yellowish-white turbidity was appeared instead of transparent yellow-orange color (characteristic of AgNPs) with in 30 min of reaction time. To determine the effect of dissolved atmospheric molecular oxygen, the pure nitrogen gas was bubbled through the reaction mixture and UV--visible spectra were recorded. No significant spectral changes (shape, position and intensity of SPR band) were observed in the de-aerated resulting silver sols ([@b0305]).

### 3.1.4. Mechanism and capping action of sennoside A {#s0065}

Sennoside A has various --OH groups such phenolic --OH, primary and secondary --OH of glucose. In order to establish the role of glucose --OH groups, some kinetic runs were performed by using glucose as a reducing agent instead of sennoside A. In a typical experiment, glucose (5.0 ml of 0.01 mol/L) added in a reaction vessel containing Ag^+^ (5.0 ml of 0.01 mol/L), CTAB (5 ml of 0.01 mol/L) and water (25 ml) for dilution. We did not notice the appearance of any yellow to brown color within a short reaction time, i.e., 30 min, whereas, an absorption peak develops at 396 nm just after the mixing of sennosideA into the mixture of Ag^+^ and CTAB ([Fig. 3](#f0015){ref-type="fig"}C). Thus phenolic --OH group of sennoside A are responsible for the fast reduction of Ag^+^ into Ag^0^. Thus, [Scheme 3](#f0065){ref-type="fig"} mechanism is proposed for the reduction of Ag^+^ by phenolic --OH group of sennoside A.Scheme 3Sennoside A assisted synthesis of AgNPs.

In [Scheme 3](#f0065){ref-type="fig"}, Eq. (2) represents the one-step redox reaction between phenolic --OH and Ag^+^, which results to the formation of sennoside A radical and Ag^0^. To detect the generation of radical, 5.0 ml acrylonitrile was added in the reaction mixture (Ag^+^, sennoside A + CTAB). The white precipitate appeared as the reaction time increases, which confirmed in situ formation of corresponding free radical. In the next step (Eq.4), Ag^+^ adsorbed on Ag^0^ and Ag~2~^+^ was formed, which under goes dimerization, and leads to the formation of stable Ag~4~^2+^ nano cluster ([@b0105]). To conform the presence of Ag^+^ ions in the resulting silver sols, 5.0 ml of NaCl (0.1 mol/L) and NaBr (0.1 mol/L) solutions were added in a separate reaction flask. No white and yellow precipitates for AgCl and AgBr, respectively, were appeared, indicating the complete reduction (100%) of Ag^+^ ions into Ag^0^ and/or adsorption of Ag^+^ onto the surface of Ag^0^ ([@b0105]). The surface of Ag~4~^2+^ species is positive and capped with sennoside A via --OH groups of glycoside through electrostatic interactions ([Scheme 4](#f0070){ref-type="fig"}).Scheme 4Capping action of sennoside A towards AgNPs.

### 3.1.5. Morphology of sennoside A capped AgNPs {#s0070}

[Fig. 4](#f0020){ref-type="fig"}A shows the EDX of sennoside A capped AgNPs, which indicates the presence of only Ag element along with carbon and oxygen. The corresponding SEM and TEM images are given in [Fig. 4](#f0020){ref-type="fig"}B and C, respectively, which reveals the presence of roughly spherical well dispersed NPs. The size of NPs was calculated from the TEM images with Gaussian distribution and average particle diameter was found to be 12 nm ([Fig. 4](#f0020){ref-type="fig"}C). The size distribution histogram of NPs was prepared from the corresponding TEM image ([Fig. 4](#f0020){ref-type="fig"}C inset). Inspection of image clearly indicates that the presence of black spot on the surface NPs, which might be due to the capping properties of sennoside A ([@b0255]).Fig. 4EDX (A), SEM (B), TEM images along with particle size distribution histogram (C) of Ag/sennoside A NPs. *Reaction conditions*: \[Sennoside A\] = 1.4 × 10^−4^ mol/L, \[Ag^+^\] = 0.7 × 10^−3^ mol/L, \[CTAB\] = 5.0 × 10^−4^ mol/L.

The surface zeta potential (ζ) provides information about the potential stability of colloid and decrease as a function of time due to the aggregation ([@bib331]). For stable NPs the zeta potential values should be more positive than +30 mV and more negative than −30 mV ([@b0235]). Therefore, in order to determine the stability of as prepared Ag/Sennoside A, zeta potential were measured under different conditions by using Smoluchowski equation (Eq. [(5)](#e0010){ref-type="disp-formula"}).$$\zeta = \frac{4\pi\eta}{D} \times EM$$where η, and D are the viscosity and dielectric constant of the solvent at the experimental temperature, respectively. The EM is the electrophoretic mobility. The zeta potential values were found to be −10 mV and −25 mV, respectively, for freshly prepared Ag/Sennoside A and CTAB capped Ag/Sennoside A, which indicating that the CTAB acted as a good stabilizing agent and provides higher stability to the resulting NPs ([@b0025]). The stability of as prepared AgNPs were determined by recording the change in zeta potential for 7 days. The results of (ζ) versus time were plotted in [Fig. 5](#f0025){ref-type="fig"}, which indicates the CTAB capped Ag/Sennoside A NPs are more stable than that of Ag/Sennoside A NPs. The negative charges might be due to the adsorption of Sennoside A on the surface of formed AgNPs ([@b0070]).Fig. 5Zeta potentials as a function of time for the Ag/Sennoside A and CTAB capped Ag/Sennoside A NPs. (Particle charge was negative for both samples).

The polydispersity index (PDI), which represents the distribution size population within a given sample and used for the acceptability of the AgNPs for biomedical and pharmaceutical applications such as antibacterial and antifungal ([@b0225]). The numerical values PDI were ranges from 0 to 1.0 for a uniform mono-dispersed distribution and highly poly-dispersed particle size population. The hydrodynamic size distribution (z-average-size) and PDI of as prepared AgNPs were determined and found to be 18.2 nm and 0.6, respectively, indicating higher poly-dispersed.

In order to determine the crystalline nature of as prepared AgNPs, the XRD spectrum was recorded. The observed results are summarized in [Fig. 6](#f0030){ref-type="fig"}A. The diffraction four peaks appearing at 2θ = 33.00^0^, 45.30^0^, 64.10^0^, and 80.20^0^ correspond to the (1 1 1), (2 0 0), (2 2 0), and (3 1 1); JCPDS = 04-0783) facets of the face centered cubic structure of silver. The Scherrer formula was used to determine the crystallite size (D) of AgNPs (Eq. [(6)](#e0015){ref-type="disp-formula"})$$D = \frac{k\lambda}{\beta\operatorname{Cos}\theta}$$where D = average crystallite size, k = constant equal to one, λ = wave length of X-ray source (0.1542 nm), β = angular line full width at half maximum intensity in radians and θ = Braggs angle. The mean crystallite size was found to be 14.2 nm to the width of (1 1 1) and (2 2 0) diffraction peaks nearly in close agreement with the NPs size calculated from TEM image. The values of interplaner spacing (d) were calculated with Bragg's law (Eq. (7)).$$d = \frac{n\lambda}{2\sin\theta}$$Fig. 6XRD (A) and XPS (B) spectra of Ag/sennoside A NPs (Ag3d signals).

For n = 1 order of reflection, d111 = 2.8 Å and d220 = 2.1 Å was calculated with Eq. [(7)](#e0020){ref-type="disp-formula"}.

XPS measurements were performed to identify the chemical and electronic structure of AgNPs. As shown in [Fig. 6](#f0030){ref-type="fig"}B, the most prominent signals at binding energies of 368.2 eV and 374.3 eV were corresponding to the Ag3d~5/2~ and Ag3d~3/2~ orbits of unperturbed metallic silver. The lower intensity peak at higher binding energy is attributed to the positively charged Ag atoms at the surface of the NPs ([@b0300]). The binding energies of Ag3d~5/2~ and Ag 3d~3/2~ peaks are separated of ca. 6.0 eV, indicating the presence of metallic Ag3d state of silver in as prepared NPs ([@b0330]). These observations are in good agreement with the XRD results ([Fig. 6](#f0030){ref-type="fig"}A).

### 3.1.6. Extraction of rhein-9-anthrone from sennoside A {#s0075}

The rhein-9-anthrone was formed through bacterial degradation of sennosides A in the colon ([@b0240]). Sennoside A, anthraquinone glycoside is water soluble due to the presence two β-D-glucopyranosyloxy groups. Borntrager's reaction was used for the extraction of rhein-9-anthrone from sennoside A. In a typical experiment, 0.1 g of sennoside A was dissolved in 20 ml double distilled water. Standard HCl (5 ml of 2 M) was added to the as prepared sennoside A extract. To the complete hydrolysis of glycoside linkage, the solution was heated on boiling water bath for 30 min, cooled at room temperature and filtered. The 10 ml CHCl~3~ was added to the filtrate and shaken. The lower CHCl~3~ layer was separated and treated with 10% KOH solution. Finally, the upper aqueous layer became red (λ~max~ = 514 nm; [Fig. 7](#f0035){ref-type="fig"}), indicating the conversion of sennoside A into rhein-9-anthrone. The complete systematic analysis procedure is summarized in [Scheme 5](#f0075){ref-type="fig"}.Fig. 7UV--visible spectra of extracted rhein-9-anthrone in an aqueous alkaline solution.Scheme 5Systematic extraction of rhein-9-anthrone from an aqueous extract of sennoside A.

The rhein-9-anthrone is soluble in CHCl~3~ and insoluble in water. The aqueous layer of CHCl~3~- alkaline KOH solution became red color, indicating the formation of water soluble rhein-9-anthrone salt. The appearance of red color might be due to the stabilization of resulting salt via extending conjugation ([Scheme 6](#f0080){ref-type="fig"}).Scheme 6Stabilization of rhein-9-anthrone in an aqueous alkaline solution.

On the other hand, red color of rhein-9-anthrone was decomposed in an aqueous solution slowly and became colorless within a week at 26 °C ([Scheme 7](#f0085){ref-type="fig"}), which limits its use for pharmacological investigations ([@b0080]).Scheme 7Instability of rhein-9-anthrone pink color in an aqueous alkaline solution.

However, the Ag^+^ ions (=0.7 × 10^−3^ mol/L) and CTAB (=12.5 × 10^−4^ mol/L) were added into the red color of extracted rhein-9-anthrone. No SPR band of Ag^0^ was observed in the UV--visible spectrum, suggested that alkaline solution of rhein-9-anthrone did not acted as a reducing agent. On the basis of above results and discussion, the mechanism of glycosidic bond of sennoside A hydrolysis is proposed in [Scheme 8](#f0090){ref-type="fig"} under acidic conditions.Scheme 8Hydrolysis of glycosidic bond of sennoside A.

In [Scheme 8](#f0090){ref-type="fig"}, Eq. (8) represents the protonation of glycosidic bond of sennoside A. In the next step (rate determining step; Eq. (9)), glycosidic bonds were broken and rhein-9-anthrone was formed along with the unstable corresponding carbocation, which rapidly converted into the stable product, i.e., D-glucose (Eq. (10)).

3.2. 3.2. Biological aspects {#s0080}
----------------------------

### 3.2.1. Antioxidant activities {#s0085}

For the biomedical application of NPs, it is essential to determine the accurate molar concentration of NPs in solution ([@b0160]). The concentration of Ag/Sennoside A NPs was calculated with the following relation ([@bib333]) by assuming 100% reduction of Ag^+^ ions into Ag^0^.$$N = \frac{\pi\rho N_{A}}{6M} \times D^{3}$$where N = number of silver atoms per NPs, ρ = density of face centered cubic silver = 10.5 g/cm^3^, N~A~ = 6.02 × 10^23^ (Avogadro's number), M = atomic weight of silver (107.86 g) and D = average diameter of NPs calculated by TEM analysis = 1.2 × 10^−6^ cm. The value of N (=5.3 × 10^4^) was calculated by substituting the all parameters in Eq. [(11)](#e0025){ref-type="disp-formula"}. The molar concentration of NPs solution was determined by using Eq. [(12)](#e0030){ref-type="disp-formula"}.$$C = \frac{N_{T}}{\mathit{NV}N_{A}}$$where C = molar concentration of NPs solution, N~T~ = total number of silver atoms added as metal salt precursor (AgNO~3~) = 0.1 mol/L, N = 5.3 × 10^4^ calculated from Eq. [(11)](#e0025){ref-type="disp-formula"}, V = volume of reaction solution (0.02 L) and N~A~ = 6.02 × 10^23^. The C was found to be 9.4 × 10^−5^ mol/L. The required concentration of each diluted solution may be calculated from this initial concentration according to their relative concentration.

The natural pigments and polyphonols were responsible for the antioxidant properties due to the presence of phenolic --OH groups. The sennoside A and rhein-9-anthrone were used in medicinal and food industries. Antiradical activities of sennoside A and Ag/sennoside A NPs and rhein-9-anthrone were determined against DPPH radical by using UV--visible spectroscopy. For DPPH radical, IC~50~ value was evaluated from the plot of inhibition percentage versus sennoside A concentration. The IC~50~ = 49.5, 46.2 and 53.2 μg /L DPPH**^·^** were determined for sennoside A, AgNPs and rhein-9-anthrone, respectively. Antiradical or antioxidant activities of phenolic compounds depend on the transfer of labile H- atom to DPPH**^·^**. The hydroxyl group (--OH) of sennoside A and rhein-9-anthrone were responsible for the antiradical activity with DPPH radical ([Scheme 9](#f0095){ref-type="fig"} for sennoside A).Scheme 9Antioxidant activity of sennoside A with DPPH radical.

### 3.2.2. Antimicrobial activities {#s0090}

The sennoside A, Ag/sennoside A NPs, and rhein-9-anthrone were screened for their antimicrobial properties against human pathogens by using disk-diffusion method ([@b0205]). The obtained data, photo of diffusion zone is given in [Fig. 8](#f0040){ref-type="fig"} (A and B for S. aureus and candida albicans) for sennoside A capped AgNPs. The inhibition percentage was calculated by using following Eq. (13).$$\%\, inhibition\,\, = \,\frac{100 \times \left( {\mathit{Ag}/sennosideA\,\, inhibition\,\, area - solvent\,\, inhibition\,\, area} \right)}{s\tan dard\, drug\, inhibition\,\, area - \, solvent\,\, inhibition\,\, area}$$Fig. 8Disk diffusion assay of Ag/sennoside A NPs against S. aureus (A) and candida albican 10231 (B).

The inhibition area of each experiment was calculated with Eq. [(14)](#e0040){ref-type="disp-formula"}.$$\mathit{Area}\,\, = \,\pi\, r^{2}$$where r = radius of the zone inhibition and π = 3.14. The observed results are depicted graphically in [Fig. 9](#f0045){ref-type="fig"}A, B and C as % inhibition against the concentrations of sennoside A, Ag/sennoside A NPs, and rhein-9-anthrone, respectively, which indicated that the inhibition % significantly increases with increasing the concentrations of sennoside A, AgNPs and rhein-9-anthrone. The sizes of the zones inhibition were calculated produced by AgNPs for anti-bacterial S. aureus against gentamicin ranged from 7, 10, 15, 18, 20 and 24 mm for \[AgNPs\] = 1.0, 3.0, 5.0, 7.0, 12.0 and 15.0 × 10^−5^ mol/L, respectively. For antifungal activities, the zones of inhibition were found to be 5, 8, 14, 16, 20, and 22 mm for \[AgNPs\] = 1.5, 2.5, 3.5, 4.5, 5.5 and 6.5 × 10^−5^ mol/L, respectively. These findings indicated that the diameter of zone inhibition increases with increasing AgNPs concentrations. [Table 2](#t0010){ref-type="table"} clearly showed that the inhibition zone diameter produced by AgNPs is higher than that of sennoside A, indicating the combined effect of sennoside A and AgNPs were responsible for higher zone of inhibition and larger surface area.Fig. 9Effects of sennoside A (A), Ag/sennoside A NPs (B) and rhein-9-anthrone concentrations (C) on the antibacterial activity against E. coli and S. aureus.Table 2The results of zone inhibition diameter and surface area of silver NPs antimicrobial test against different human pathogens at 298 K.SampleZone inhibition diameter (mm)E. coliS. aureusAlbicans10231Parapsilosis 22019Sennoside A8(5.2)[a](#tblfn1){ref-type="table-fn"}8(5.2)6(2.8)5(1.9)AgNPs15(17.6)20(31.4)22(37.9)14(15.3)Gentamicin22(37.9)27(57.2)----Fluconazole----22(37.9)25(49.0)[^1]

Khan et al. studied the antimicrobial activities of methanol extract of cassia alata leaves, flowers, stem bark and root bark with different 28 microorganisms and reported that the E. coli and S. aureus were the most active human pathogen ([@b0155]). Our results showed that sennoside A and Ag/sennoside A NPs were most active against with E. coli and S. aureus microorganisms used in this study. The antifungal activities were also determined with candida albicans ATCC 10231 and candida parapsilosis ATCC 22019 under similar conditions ([@b0210]). Inspection of [Fig. 10](#f0050){ref-type="fig"} clearly shows that the slopes of inhibition against \[sennoside A\] are higher in the initial stage, indicating the higher cell death in the first stage. A number of mechanisms have been suggested for the antimicrobial activities of AgNPs by various investigators on several occasions ([@b0270], [@b0260]). The release of Ag^+^ ions from the surface of AgNPs and reactive oxygen species were responsible for the antimicrobial activities of AgNPs. It is well known that the protein of bacteria cell wall have various coordination sites due to the presence of pH sensitive --NH~2~, and --COOH groups, which have strong coordinating properties towards metal ions and/or metal NPs. Due to the nano-metric size AgNPs were pass through the cell membrane and formed stable complex with the active functional groups, which disturbed the normal activity of cell well protein, membrane bound enzymes, lipids, DNA replication as well as structure of bacteria. After inclusion of metallic silver in nanoscale into the cell membrane of bacteria, the sulphur containing cysteine oxidized simultaneously and released silver ions into the bacteria ([@b0220]). The MIC~50~ was found to be 0.63, 0.21, 0.45 mg/L and 0.53, 0.32, 0. 48 mg/L against antibacterial strain S. aureus and antifungal albicans ATCC 10231 for pure sennoside, Ag/sennoside A NPs, and rhein-9-anthrone, respectively. The excellent inhibitory effect of Ag/sennoside A NPs might be due to the combined synergistic effect of Ag NPs and sennoside A. The incorporation of AgNPs into the cell wall were responsible to inhibit the growth, changes the wall integrity and leads to cell death with the variation of osmotic pressure.Fig. 10Growth inhibition percent of candida albicans ATCC 10231 and candida parapsilosis ATCC 22019 as a function of sennoside A (A), Ag/sennoside A NPs and rhein-9-anthrone concentrations (C) on the antifungal activity.

The size of the NPs and PDI markedly influence the antimicrobial activities and other biological application of NPs. The small size NPs and lower PDI are usually shows an excellent activity against human pathogens because they can incorporate easily into the cellular wall, associated with amino acids and disturb the physiological function of the bacteria ([@b0045]). The results of present study (small size = 12 nm, lower PDI = 0.6, and negative zeta potential = − 10 mV) showed that the as prepared AgNPs was effective against the bacteria, and fungi, and was a simple, green, economically viable and environmentally friendly green method for the synthesis of AgNPs. The phytochemical, sennoside A also showed antimicrobial activities and responsible for the capping the AgNPs due to the adsorption through its active site.

Scientific literature contained abundant reports regarding the green synthesis of AgNPs by using an aqueous extract of natural plants under different reaction conditions. The morphology of AgNPs strongly depends on the capping nature of biomolecules present in the extract. Some of the reports are summarized in [Table 3](#t0015){ref-type="table"}. Natural plants (leafs, roots, flowers and seeds) were used as a drug to the treatment of human diseases. In the present study, we used sennoside A, extracted from senna leaves (sana makki, valuable herbs of *Tibb-e-Nabwi*, and approved by the Food and Drug Administration as an over-the-counter laxative) extract for the synthesis of AgNPs for the first time. These finding implies that the sennoside A assisted preparation of AgNPs could be an ideal strategy to combat infectious diseases.Table 3Size and shape of AgNPs prepared by using different green plants extract.Plant's partSize (nm)ShapesReferenceGeranium leafs16--46Spherical[@b0250])Alfalfa sprouts2--20Spherical[@b0075]Caffeine and tea extract60Spherical[@b0195])Olive extract20--25Spherical[@b0135]Palm date fruit30Spherical[@b0325])Beetroot extract15Triangular plate[@b0170])Walnut shell25Spherical[@bib334]Zingiber officinale11--24Semi-spherical[@b0065])Henna leafs1710Flower like[@b0030])Senna leafs12SphericalPresent work

4. Conclusion {#s0095}
=============

Sennoside A was extracted from senna leaves extract and endeavoring as a reducing agent to the fabrication of Ag/sennoside A at room temperature. UV--visible data indicates that the optical properties of resulting NPs were dominated by the sennoside A, which formed J-type of aggregates. The controlled morphology of Ag/sennoside A NPs are presented by adjusting the concentration ratio of silver ions to sennoside A in presence of CTAB. The sennoside A and Ag/sennoside A NPs exhibited excellent inhibitory effect against *S. aureus*, *E. coil,* and candida fungus (albicans ATCC 10231 and parapsilosis ATCC 22019), which might be due to the synergistic effect of both metallic silver and sennoside A. Hydrolysis experiments were performed for the isolation of rhein-9-anthrone from sennoside A in alkaline medium. The rhein-9-anthrone was also exhibited antibacterial and antifungal activities against human pathogens. These studies increase the use of sennoside A capped AgNPs and rhein-9-anthrone for the treatment of digestive disorder and anthropoids infection in colon ulcer.

Appendix A. Supplementary material {#s0110}
==================================

The following are the Supplementary data to this article:Supplementary data 1
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Supplementary data to this article can be found online at <https://doi.org/10.1016/j.jsps.2020.07.003>.

[^1]: The surface area of inhibition zone was calculated with Eq. [(14)](#e0040){ref-type="disp-formula"} are given in the parenthesis in cm.
